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affect electrical operations tisercin. As the spacing between adjacent 
^ conductors decreases, the capacitance \ alue of parasitic capacitors in 
an integrated circuit increase. I^urther, tlie topological w idths of 
interconnections are decreased as circuit density is increased, 
5 causing an increase in the resistance of the interconnection. 

Ihc increased resistance between the interconnections and the 
increase in parasitic capacitance resulting from decreased spacing 
between adjacent conductors increase the total resistance in a circuit. 
The increased resistance delays the electrical signal transmissions 

10 and causes a phase x ariation in the device. The delay of the signal 
transmission is called a resistance-capacitance (RC) delay, which 
reduces the efficiencies and capacities of the semiconductor device. 
It is therefore important to provide a technique to reduce the 
parasitic capacitance and the resistance between interconnections. 

15 One method for reducing the resistance between the 

interconnections is utilizing a material having a low specific 
resistance like copper (Cu) as a material for the interconnections. 
!lowe\er, it is not profitable to use Cu for forming the 
] ntercc^nncctions, t\>r copper has an u n a c c e p t a b 1 \' low etch rate in 

2 0 k n o w n a c id e t c h i n g m e t h o d s . Instead, a d a m a s c e n e process may be 
used to oxercome the patterning difficulty. The damascene process 
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in order to reduce the parasitic capacitance, there 



increasing inter\ als thereof. Ilo\\ e\ er, because of problems such as 
a design rule and the resistance inxolxed in the interconnection 
w idths, it w ould be preferable to lower a dielectric constant of an 
insulating material filling the interv als of the interconnections. 
5 Briefly, it is necessary to use a low dielectric constant material as an 
i n t e r 1 a y e r insulating material. 1 h e low dielectric constant materials 
arc mostly silsesquioxane series materials such as methyl 
silsesquioxane (MSSQ) and phenyl silsesquioxane (PSSQ). The 
dielectric constant of MSSQ is 2.7, which is lower than the dielectric 

10 constant of the conventional silicon oxide of 4 . 

However, the silsesquioxane includes an alkyl or aryl group. It 
is therefore etched relatively slowly wMien using a CF^ etchant and 
therefore the processing time is longer. Further, there is a problem 
in a dual damascene process where contact holes for connecting 

\5 layers (upper and lower layers) and interconnection lines are formed 
in a predetermined portion of a trench, after the trench is formed to 
fill an interconnection material. That is, it is hard to control a depth 
ot tlie trench w hen the trench is formed m the interlayer insulating 
1 a \ c r w i t h a u n i f o r m depth. 

20 A well-known method for controlling the depth of the trench is 

f o r m i n g a n etch s t o p 1 a \' e r i n t h c middle o f t h e i n t e r 1 a y c r insulating 

using the low dielectric constant material as the interla\er insulating 



nitride la\'cr. 

S Li m ni a r \' o t t h c I n \ e n t i o n 
It is therefore an object of the present invention to pro\'ide a 
s method capable of forming a trench with an uniform depth without 
using an etch stop la y e r in an i n t e r 1 a y e r insulating layer made o f a 
low dielectric const a n t material. 

It is another object of the inx ention to provide a method for 
fabricating a semiconductor device capable of reducing parasitic 
10 capacitance between interconnections. 

It is still another object of the invention to provide a method 
for fabricating a semiconductor de\ ice capable of suppressing a 
resistance-capacitance (RC) delay. 

It is still further another object of the inv ention to provide a 
IS method, especially profitable for a damascene process, capable of 
improv ing a processing margin of a trench formation for 
i n t e r c o n n e c t i o n s . 

In order to attain the abo\e objects, according to an aspect of 
I he present inxention, thcic is pro \ idcd a method for fabricating a 
20 semiconductor dc\ ice, the method including the steps of depositing 
sequentiall \' an inorganic silicon oxide layer and a low dielectric 

, . . . ^ , , ..... i . . J 1 . v.; L ^ 1 1 1 1 M 1 ^' a vi ^' [ ) L ; 1 i ^ i t i i o i l: .1 I i i ^ ^ I I i ^' o 11 o \ u 1 c i a \ c i 
b\ patterning, o\_\genaling the partial trench, and forming a trench 



The present inxention is appropriate t^or the damascene process, 
in particular, for a dual damascene process using the low dielectric 
constant silicon oxide layer as an upper layer, and generally includes 
an accompanying step o t^o r m i n g a contact hole by etching a 
5 predetermined portion of the trench. 

According to another aspect of the invention, a semiconductor 
device includes an i n t c r 1 a y c r insulating layer f o r m c d of an upper 
interlayer insulating layer and a lower inter layer insulating layer. 
I he upper interlayer insulating layer, made of an organic silicon 

10 oxide of a low dielectric constant for a conductive interconnection, 
includes an interconnection having a thickness of the same or more 
as that of the upper layer. The lower interlayer insulating layer, 
made of an inorganic silicon oxide, includes a contact plug for 
connecting the interconnection to a lower conductive region. In 

\5 particular, the upper and lower interlayer insulating layers are 

directly adjacent one another without an intervening etch stop layer 
o f s i 1 i c o n nitride. 



Brief I) c s c I- i p t i o n o f t li e D r a w i n g s 
2 0 A more complete appreciation of the present invention, and 

manv of the attendant adxantaues thereof, will become readilv 
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the a c c o m pa n _\ 1 n g diLi wings in which like retYN'encc s\'mbols indicate 




1m g. 1 is a schematic cross section along the line direction of 
an interconnection, showing the semiconductor de \ ice forming an 
interconnection and a contact plug in an inter layer insulating layer 
using a dual damascene process according to a preferred embodiment 
5 o f t h e present i n \ e n t i o n ; 

Figs. 2 through 6 are cross sections along the width direction 
of an interconnection, showing the sequence of process steps using 
the dual damascene process according to a preferred embodiment of 
the present invention; and 
10 Figs. 7 through 9 are schematic sections showing the sequence 

of process steps to show^ an ashing damage layer in a uniform 
thickness when an organic silicon oxide layer is subject to an ashing 
treatment according to a preferred embodiment of the present 
i n v e n t i o n . 

1 5 

Description of the Preferred Embodiment 
It should be understood that the description of this preferred 
embodiment is merei>- illustratixe and that it should not be taken in a 
limiting sense. In the l\)l lowing detailed description, se\eral 
20 specific details are set forth in order to pro\ ide a thorough 

understanding of the present inxention. It w ill be obx ious, howcx er. 

As explained m the aforementioned description in tlie 



silicon oxide la\ cr as an intcrla\ cr insulating layer. Ho\\e\er, if the 
interlaver insulating layer is formed entirely of the low dielectric 
constant organic oxide layer, it is difficult to uniformly control the 
depth of a trench and to interlay an etch stop layer in the layer. In 
5 the present in\ention, two layers ha\ ing different etching 

characteristics are formed and thereby the trench is precisely formed 
to ha\e a uniform depth by an etching process using the different 
etching characteristics o f t h e two layers. 

In some instances, the upper i n t e r 1 a y e r insulating layer is 

10 etched faster than a lower interlaycr insulating layer when using a 
specific etchant. In that case, if the trench in the the upper 
interlaycr insulating layer is etched to the same depth as the 
thickness of the upper interlaycr insulating layer, the trench may be 
formed with the almost uniform depth without using an etch stop 

15 layer. In other w ords, if a part is etched faster, the part is 

cons c q u e n 1 1 y l\t c e d with the 1 o w e i- interlaycr insulating layer ha v i n g 
a h^w cr etch rate than that of the upper la\'er. I'ntil the upper 
inter]a\er insulating Ia\er is entircl\' etched, the lower interlaxcr 
insulating la \ e r is not etch e d m u c h , so that a d e \ i a t i o n o n t h e t r e n c h 

20 depth o\er all regions is decreased. 

When the interlaxcr insulating la\'er is dix ided into two laxcrs. 
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to a carbonic element thereof. On the other hand, the lower 
inter layer insulating la\er of an inorganic silicon oxide without 
containing the carbon ingredient is easily etched by the silicon oxide 
e t c h a n t . 

5 1 f t h e etching process is not correctly controlled, the etching is 

rapidly ad\anced to the lower interlayer insulating layer of the 
inorganic silicon oxide, so that the desired depth of the trench may 
be exceeded, or an insulating facility may be degraded. Thus, it 
would be better to use the low dielectric constant silicon oxide f o r 

10 the upper and lower interlayer insulating layers equally in forming 
the trench in the u n i f o r m depth. 

In the present invention, the upper interlayer insulating layer is 
formed as the low dielectric constant organic silicon oxide layer, 
while the lower interlayer insulating layer is formed as the inorganic 

15 silicon oxide layer by using a specific step where the organic silicon 
oxide layer can be etched faster than the inorganic silicon oxide 
1 a \'e r. 

Next, w ith l eference tc^ the accompanying drawings, an 
e m b o d 1 ni e n t of t ii e p r e s e n t i n \ e n t i o n will b e explained in detail. 
20 f ig- 1 is '^^ schematic cross section along the line direction of 

the interconnection, showing the semiconductor device forming an 

e m b o d i m c n t o t ii e p resent i n \ e n t i o n . 



la\cr 13, made using an inorganic silicon oxide precursor such as 
h \' d r o g c n s i 1 s e s q u i o \ a n c ( H S S Q ) , is coated o n a substrate 1 0 h a \ i n g 
a c on duct i\e region 11 using conventional spin- on -glass (SOG) 
methods Methyl s i 1 s e s q u i o \ a n e ( M S S Q ) is then used in a C V D 
5 process to form thereon an upper interlayer insulating layer 15. A 
trench 17 is formed in the upper interlayer insulating layer 15, and 
filled with copper (Cu) to form an interconnection 21. A contact 
plug 23, also made of Cu, fills a contact hole 19 penetrating the 
layer 13 in a partial region under the trench 17. The contact plug 23 

10 connects the Cu interconnection 2 1 filling the trench 17 to the 
conductive region 11 under layer 13. 

The lower interlayer insulating layer 13 is made o f s i 1 i c o n 
oxide using CVD or SOG and precursors such as conventional tctra- 
ethyleorthosilicate (TEOS), HSSQ, and Si OF containing insignificant 

15 amounts of carbon. The upper interlayer insulating layer 15 is 

necessarily formed to ha\'e a low dielectric constant with the organic 
silicon oxide expressed g e n e r a 1 1 \' as silicon o x y carbonate ( S i O C ) 
such as MSSQ and phenyl si Isesquioxane (PSSQ). 'fhe CVD is 
pre 1 crab 1\ utilized in forming the upper silicon oxide la\er, rather 

2 0 than the SOG. 

A metal filling the trench 17 and the contact hole 10 may be 

; 1 1 n > I c ! 1 o 1 M I 1 1 c I 1 o w - I L' > i > la 11 c c n i l' i a i > i n a \ i u > c u i 1 1 ^ l c a v i o i u . 
fiizs. 2 ihroueh () are cross sections alonu the width direction 



the dual damascene process aece:>rding to a preferred embodiment of 
the present inxention. 

Referring to Fig. 2 , t li e inorganic silicon layer 13 is deposited 
on the substrate 10, which includes a conductixe region 11 using 
CV'D and using TEOS as the precursor. MSSQ is used to form the 
organic silicon oxide layer 15 w ith a thickness of 3 ()()() through 4000 
A by CVD. Next, a photo resist pattern 25 is formed to define a 
trench etch mask for the damascene process. 

Referring to Fig. 3, a partial trench 17' having a depth of 2000 
10 through 3000 A is etched in the organic silicon oxide layer 15 using 
photo resist pattern 25. The bottom of the partial trench 17' is 
convex as shown in a general etching step where a center region is 
less etched. 

Referring to Fig. 4, the substrate 10 having the partial trench 
15 17' is oxygenated by exposing an inner wall of the partial trench 17' 
to an oxygen plasma, which is used in the ashing process to remove 
the photo resist pattern 25. l^he oxygenation may be performed after 
the photo resist pattern 2 5 is remo\ed, but it is most effectixely 
performed synchronously w ith the removal of the photo resist pattern 
2 0 2 5 in the ashing process. 1 hen, an ashing damage layer 2 7 is formed 
in a thickness of about 1000 A in the inner w all of the partial trench 

''I] ! c ni p t_M- : I i 1 1 f t ' niiisin.i i t m" in ;t l i o ii lu^wct. i^ia.snKi dcu^ilv. 

pressure, and so on. 



silicon \ i d c la \ cv 15 as t li e li p p c i" i n t c r 1 a y c r insulating layer arc 
diffused out in a region of the ashing damage layer 27, and oxygen 
of the oxygen plasma is diffused into the layer, w hich creates a 
carbon oxide. The carbon oxide is discharged to the outside of a 
.-^ process chamber in gaseous phase. As a result, the layer 15 becomes 
the inorganic silicon oxide having no carbon-containing ingredients. 
As the lower inorganic silicon oxide layer 13 does not contain 
ca rbon- con t ai n i ng ingredients, the ashing damage layer 27 is not 
extended to the lower inorganic silicon oxide layer 13, but is limited 

10 to the upper organic silicon oxide layer 15. 

Referring to Fig. 5, a wet etching step is then performed using 
an etchant of hydrofluoric acid (HF) on the substrate 10, including 
the etching damage layer 27 shown in Fig. 4 . In alternative 
embodiments, a cleaning step may be performed without an 

15 additional etching process if the cleaning solution contains primarily 
HF, Here, the ashing damage layer 27 is removed rapidly, so that the 
trench 17 is completely formed to ha\e 

a g r e a t e r w i d t h a n d d e p t h t h a n t h e partial t r e n c h 1 7 \ T h e t r e n c h 17 
IS preferablx lY^rmcd to ha\ e a depth that is the same as the thickness 
2 0 o f t h e o r g a n i c s i 1 i c o n o x i d e 1 a y e r 15. 

Though there are differences depending on the 1 1 f^ 
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ingredients (i.e. m e t h \ 1 - g r o ii p ) h a \ e been eliminated. 

The inorganie silieon oxide layer 13 is seldom etehed for such 
a short time, e\ en though the laxer 13 is exposed by remo\ ing the 
ashing damage layer 27. Thus, the depth of the trench 17 docs not 
s exceed the thickness of the organic silicon oxide layer 15. 

Consequently, the trench 17 for the interconnection is formed with a 
uniform depth and w idth. Further, the w idth of the trench 17 is 
defined for the organic silicon oxide layer 15, exposed on a side wall 
by removing the ashing damage layer 27, has a low etch rate by HF 
10 etchant. 

Referring to Fig. 6, the contact hole 19 is formed by patterning 
the lower inorganic silicon oxide layer 13, which is exposed after 
forming the trench 17. It is preferable to use an anisotropic dry etch 
for the patterning step. A photo resist pattern (not shown) to form 

15 the contact hole 19 may be rcmo\cd only at a region of the contact 
hole 19, or remo\ ed along with a line including the region of the 
contact hole 19. In that case, though the organic silicon oxide layer 
15 is exposed in other regions except the region of the contact hole 
19, onl\ the inorganic silicon oxide la\er 13 in the region ot^the 

2 0 contact hole 19 is r e m o \ e d w i t h o u t damage on the s u r f a c e because 

the etching speed of the organic silicon oxide layer 15 is slower than 

I 1 1 L' I . I i 1 c I . i i 1 1 u' I a 1 > I i ^- Ii a V u ^ 1 1 I L 1 1 1 u I e i 1 i ^ ^ i c i u > s i i c o i 1 1 I n 
contact hole 19 and the tiench 17 b\ the ('\'l) or other conxentional 





1 a \ c r 15 is r c m o \ c d b \ p 1 a n a r i / a I i o n , e.g., chemical- m c c h n i c a 1 
polishing (CMP), and ihc interconnection is completely formed 
therein. 

I he aforementioned descriptions take the dual damascene 
5 process as an example, but all the applications using the damascene 
process with the high interconnection density arc possible. 

Figs. 7 through 9 are schematic sections showing the sequence 
of process steps in which the ashing damage layer is f o r m c d in a 
uniform thickness when an organic silicon oxide is subjected to the 
10 ashing treatment according to a preferred embodiment of the present 
invention. 

Referring to Fig. 7, an inorganic silicon layer 53 is formed 
using a TEOS precursor, a methyl si Isesquioxanc-group layer 55 is 
deposited using MOSP, which is a\ailablc commercially from 

15 Honeywell International, Inc., and a second inorganic silicon layer 
57, also using TEOS as a precursor, are sequentially deposited on a 
substrate (not show n). Next, a contact hole 50 ha\'ing a w idth of A 
and B in the uppei" laxer 57 and layer 55 are formed. IMiere is a 
discontinuity on side slopes at a boundar\ between layer 57 and 

20 layer 55. I he bottom of the contact hole 50 almost reaches to the 
lower layer 53. A photo resist pattern (not shown) is remoxed by 



w ith II f solution for 3 seconds. I hc width is extended from B to B' 
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the lower layer 53, forming a eonea\ e shape that is a typical profile 
after a wet etching, the depth is not extended more. 

I'ig. 9 show s a step of treating the oxygenated contact hole 50 
with HF solution t^or 10 seconds. There is not significant extension 
5 of the w idth in the layer 55. Howe\ er, depending on the time of the 
etch, the contact hole 50 is extended in a w idth from A to A' in the 
upper layer 57 and is further deepened in the lower TEOS layer 53. 

As described above, the ashing damage layer of the methyl 
s i 1 s e s q Li i o X a n c layer is f o r m e d w i t h a u n i f o r m thickness by the 
]() ashing process, and the etching speed thereof in HF etching is too 
high. 

A c c o I" d i n g to the semiconductor device of the present invention, 
the trench is formed with a uniform depth as the thickness of the 
organic silicon oxide layer, and in particular, with the uniform depth 
15 in the low dielectric constant organic silicon oxide layer without 
using the etch stop layer. 

C\)n s eq u e n 1 1 > , the semiconductor dc\Mce of the present 
i n \ e n I i o n is able I o i m p r o \ e t h e e f f i c i e n c i e s o the d e \' i c e b y 
suppressing a re s i s t a n c e- c a p ac 1 1 a n c e (RC ) delay in the 
2 0 interconnections. 

Although the preferred embodiments of the present invention 
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substitution s a r e [possible, w i t h o u t d e p a r t i n g t^r o m the s c o p e a n d 



